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HEMOGLOBIN G HSI-TSOU: f79 Asp —» Gly*

R, QUENTIN BLACKWELL, T.-B. SHIH, C.-1. WANG anp C.-5. LIU

Department of Ihochemistry®®, U.S. Naval Medical Research Unit No. 2, Taipes, Taiwan ( Republic
of China)

{Received July 20th, 1971)

SUMMARY

Hb G Hsi-Tsou was found in Taiwan, in 1904, in two Chinese sisters who were
born in Hopei Province. Structare analvses now bave shiown that the anomaly in this
variant {s at the #-79 or fLEF3 position where a glyceyl group replaces the aspartyl
group normally present at that location. Another hemoglobin variant found in Chi-
nese subjects, Hb G Taichung, previously has been reported to have the structure
change Asp — His at the corresponding location in the a chain, Positian ali173 or a-74.

In the index case separations of the kemoglobin fractions by chromatography
with DEAL-Sephadex column revealed that the relative amounts of Hbs Ay and G
Hsi-Tsau were 54 and 407, respectively. Presence of HbG Hsi-Tsau in the betero-
zygote apparently causes no anemia.

INTRODUCTION

A hemoglobin variant with the singly slow electrophoretic mobility in alkaline
pil clharacteristic of G hemoglobins was found in one female Chinese adult during a
populztion survey? in 1964. Recently the variant, named G 1si-Tsou, was examined
by chemical structure studies and found to have a single amino acid substitution in
the ATy peptide. As described below, the aspartyl group normally present at Position
f-79 (helical No. EI3) is replaced by a glycyl group; accordingly, Hb G ilsi-Tson
may be represented as myf,™ Asp=Gly,

MATERIALS AND METHODS

The index subject with Hb G Hsi-Tsou was a g45-year-old Chinese wonian
who was born in Hopei I'rovince of mainland China. A sister of the index subject

* The opinions and assertions contained herein are those of the authors and are not to e
construed as official or reflecting the views of the 11,5, Navy Department or the U.S, Naval Service
at large.

** Mailing addresy from U.S.: Publications Office, U.S. Naval Medical Research [lni
No. 2, Box 14, APO San Francisco, Calil, 90263, U.S.A.
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50 R. Q. BLACKWELL ¢¢ al

also was found to have th= variant. In both cases the subjects were heterozygotes
with mixtures of henoglobins A and G.

The standard methods of chemical structural analysis used in the present study
liave been described in previaus reportst-7.

RESULTS AND DISCUSSION

The blaod hemolysate was examined by starch-gel ¢lectroplioresis® at pH 8.9
and buth Hbs A and G were present, Electrophoresis of the mixture an cellogel®
shiowed the G hemoglobin to have an anomalous f-chain. The hemaglabin mixture
was separated by columm chromatography!® with DEAE-Sephadex A-50-120 nsing
a Tris-HCl gradient buffer system?. The two majar conponents were measured
spectrophotometrically in the columm efluent and the ratia of 11h Ag to Hb G was
54 ta 46.

Hemuoglobin G Hsi-Tsou was subjected to tryptic digestian®-% and the peptide
mixture examined by mapping!'12, The ninhydrin-stained map (Fig. 1) appeared
normal except that tlie spot generallv accupied by peptide 8Ty, Position 1, was
missing and a new spot was present at Position 2,

fPor further analytical work the abnormal peptide, f%Tg, was separated? from
the other tryptic peptides by electrophoresis on paper for 2.5 h at 3000 V using pyri-
dinc-acetate bukier at pH 5.4, followed by additional electrophoresis at §noo V for
1.5 I using formate buffer at pH 1,9. For comparative studies nonmal peptide fATg
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Fig. 1. Peptide map made¢ from tryptic digest of parified globin from b G Hsi-Tsou. Details
of electrophoresis and chromatography pracedores nsed for mapping have heen described in pre-
vions reports-*; 0.2% ninhydrin was nsed for staining. Peptide #ATqg, which normally is found
at Positioa t on the map, is missing. Pnrallel to that position chromatographically bmu displaced
to the left electrophoretically is the new spot at Position 2, As described in the text, the new pep-
tide at Dosition 2 was foand to have nearly the same amino acid composition as fIATg, except
for one more glycyl aad one less aspartyl gronp, and was called f9T9. The falnt staining pattern
of the new peptide, hike that normally found for peptide gATg, is die to the occurrence of a valyl
residue at the N-terminal position. The increased cathodal mobility of peptide f9T9 compared
with thit of #4Tg results from replacement of one aspartyl group by a glycyl group; the changed
mobility matches the slower electrophoretic mobility, in starch gel at alkaline pH, of Hb G 1si-
Tsoa compared with that of Hb A,

Biochim. Biophys. Acla, 257 (ro72) 49-53



nesoGLomy G 11s1-Tson 5:

TABLI T

AMING ACID COMPOSITION OF RORMAL 19 PERTIDE ¥ROM LD Ay COMPAKED WITI THAT OF TIE
siNnorMat 9Ty errripe krom Hb G Ha-Isou

Amino tiapected  Observed

actd iy
residue molar faly fisty

ralio

nmoles Muolar nmoles Molar
ratio ratio

Asp® 3 M| 30 22 2.0
Ser 1 PE] 1.0 13 1.2
Gly a I 1.8 34 3.1
Ala 2 52 2.1 22 2.0
val 1 21 ¥y 10 0.90
len 1 101 4.0 q 3.7
Phe 1 24 1o 11 1.0
1is 1 29 1.0 10 0.90
Lys 1 25 1.0 12 1.t

* Including one Asn residue,

was separated from its peptide mixture in the usual maunert-%. Both peptides were
elated fram paper with 0.1 M acetic acid and vacuum dried.

A portion of hoth purified peptides fATg and #%Tq were analyzed for amino
acids using a Techuicon amina acid analyzer. Table I shows that a glycine residue
replaces either an aspartyl or an asparaginyl vesidue in the ATy section of Hb G Hsi-
Tsou. Because of the altered electrophoretic mobility of the G Hsi-Tsou molecule, it
was likely that glycine replaced an aspartyl residue rather than 2 neutral asparaginyl
residue. Furthermore, whereas two of the four possible sets of codons for glycine can
arise from those of aspartic acid by a single base transition, the same relationship
between glycine and asparagine does not exist, Thus it appeared most likely that
glycine replaced ane af the two aspartyl residues in peptide ATg (Fig. 2) either at
Position f-73 or f-79. Ta determine which aspartyl position was involved the 8Tq
peptide was partially fragmented; at the same time parallel studies were made with
peptide AT,

Samples of peptides #ATq and f8Tg were treated in sealed evacuated tubes at
110° for 18 h with 0.03 M HCI ta cleave selectively the peptide linkages involving as-

1 ' [

| ' ' ! 0
-Val-Leu-Gly -Ala--I’hc—Scr%-Asp%-(}ly-LcuuAiu—}Ii<~Lcu-:-Asp{Asn;Lcu Lys-
67 72073074 78079 180, 81 B2

[} ] ! ] 1

Peptlde BATY

Fig. 2. Peptide AT containg 16 amino acid residues from valyl at position f-07 to lysyl at fi-82.
Aspartyl residues occur at Positions f-73 and f-70 and one asparaginyl residne is lacated at Po-
sition fi-Bo. Vertical dashed lines indicate the peptide honds where specific hydrolytie cleavages
would he expected after treatment with o.03 M 11C1 hydrolysis?, The heavier dashed lines on
both sides of aspartyl groups at Positlons fi-73 and fi-79 are intended to emphasize the greater
amount of selective cleavage at those positions compared with that occurring between fi-8o and
f-81. In the latler case the asparaginyl gronp must be hydrolyzed to aspartyl hefore the selective
cleavage oceurs,

Hiochim. Bivphys. Acla, 257 (1972) 49-53



52 K. Q. NLACKWEIL ¢f al.

purtyl resudnest As shown in Fig. 2, five peptades shonld be produced by this treat-
ment of peptide gATy. These inclnde two larger peptides: the nentral hexapeptide
from Position f-67 to f-72 and the basic pentapeptide from f-24 to f-78. All five of
the peptides were found. In addition, free aspartic acid was ilentified ; it was released
from Positions f4-73 and f-79 by the selective hvilrolysist® of thie fATq peptile under
the relatively mihl hydrolytic conditions provided at 110 by 0.03 M HCL Al five
peptides from AATy lud the expecteil amino acitl compositions. No sequence stadies
were ninde vu the five peptides bnt amounts of individnal amino acids were deter-
mined in selected peptides™. For example, the basic pentapeptile contaiued ane
glveine, two lencines, one alanine aml one histidine. From these data and the known
sequence of peptide AT it was assnmed that the pentapeptide haa the strncture
Gly Len-Aku-His-Len. Signiticantly, as deseribed below, this peptite wvas nit fonnd
i 9Ty except as part of a larger peptide,

' | 1 )
' 1 1 )
-Val- Leu-Gly - Ala - Phe - Ser :Aarr:(ily Len-Al s Leu- Gly 9 AsndLeu -Lys
67 72173474 79 ' g0 | 81 82
| ' 1 1
Pepitde 619

Fig, 3. Peptlde #99, ke 44T, contolin 16 ammo acid residues Trom valyl i1 Postilon fi-17 to
lysyl at f-82. From experimenal resnlts deserihed in the dext, Gly replices Asp at Position f-79,
The vertical dashed Ihes Indieate the peptude bonds which wonld he expected to undergo specific
cleavage from hydrolysis with o.03 M 11CT liydrolysiss,

The same study of peptides released by selective cleavage of aspartyl honds in
peptide A9Tg produced dilferences (Fig. 3). Four peptides were fonnd on the peptide
map insteid of the five for peptide ATy, One neatral hexapeptide had the same map
focation and the same amino acid composition as the nentral hexapeptide from pep-
tile AT and was judged to he Val-Leu-Gly-Ala-Phe Ser from positions f-67 to
f-72. s presence indicated selective cleavage between Positinns f-72 and f-23 ind
thereby shiowed that tiwe aspartyl gronp must still be at Position g-73 in 9Ty peptide
as it is in #ATg peptide. The hasic pentapeptide Gly-Len-Ala-His-leu described
above as present in fATg was not present in the AGTq; in its place was a hasic peptide
containing two glyeine and two lencine gronps and one each of alanine and histidine,
This was assumed to he the hexupeptide Gly-Len-Ala- His-Let -Gly which would
represent Positions g-74 ta f-79 in AT including the new glyeyl residue at position
f-79 replacing the aspartyl gronp found at that position in fATq, In addition fiere
was a basic peptide containing glycine, leacine, alanine, histidine, asparagine (is-
partic acid after hydrolysis with 5.7 M HCI prior to amino acid analysis) and dysine.
This was assumed to be the larger peptide, illustrated in Fig. 3, extendimg from gly-
cine at Position fl-74 to C-terminal lysine at #-82. The hasic dipeptide lencyllysine,
representing Pasitinns A-81 and #-82, also was found as in peptide AATq. 1ts presence
confirms the hydrolytic cleavage between Positions 80 and 81, No tripeptide con-
taining aspartyl or asparaginyl along with leucine and lysine was found and none
would be expected in the absence of aspartyl at Position f1-70.

Riochim. Bophys. Acta, 187 (1972) 49~53




nEsoGLoniN G Hsi-Tsou 53

Taken together the above stinctural data mdicate that of the two possible
positions, A-73 and f-79, it is the latter posttion where glyeyt replaces aspartyl in b
G Hsi-Tson.

Hb G Hsi-Tson represents the second hemogiobin variant known to involve
the fi-79 or AEE3 position. Tae origival G hemoglobia reported in 1954 by EnNGToN
AND LEBMANN' was later called G Acera and shown'® to be fizg Asp - Asi. Another
variant found in Chinese subjects, Hb G Faichung, has the change Asp > His at
the a-74 or akF3 position'?,

Thus far no other snbjects except the two sistess described above have been
found with Hb G Hsi-Tson. The variant apparently canses no anensia in the carrier.
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